Objective To assess the impact of incretin based treatment on all cause mortality in patients with type 2 diabetes.
Introduction
Incretin based treatments, including dipeptidyl peptidase-4 (DPP-4) inhibitors and glucagon-like peptide-1 (GLP-1) receptor agonists, represent important options for treating people with type 2 diabetes. 1 The American Diabetes Association and the European Association for the Study of Diabetes (EASD) have recommended these drug classes as second line agents for treatment of type 2 diabetes. 2 Their effects on glucose control are well established, 3-5 with additional benefits of weight loss, antihypertensive effects, and minimal risk of hypoglycemia. [4] [5] [6] [7] [8] [9] [10] [11] on-study analysis suggested an increase in all-cause mortality (HR=1.11, 95.1% CI [0.96 to 1.27]) based on about 800 observed deaths-Sensitivity analyses that censored subjects after treatment exposure showed more unfavorable trends in the risk of all cause mortality-Such trends were observed for both CV and non CV related causes of death." 13 This observation raised concern as to whether incretin based treatments could be associated with increased mortality; however, findings from other large trials were inconsistent. The TECOS 14 and the EXAMINE trial 15 -testing effects of sitagliptin and alogliptin-found no significant increase in mortality. Evidence from observational studies is also inconsistent. 16- 21 We therefore carried out a systematic review and meta-analysis of randomised controlled trials to determine the effect of incretin based treatments on mortality in patients with type 2 diabetes.
Methods
We followed the reporting standards for systematic reviews and meta-analyses of randomised controlled trials according to the PRISMA statements. 22 
Eligibility criteria
We included randomised controlled trials that compared GLP-1 agonists or DPP-4 inhibitors against placebo, lifestyle modification, or active anti-hyperglycaemic drugs in patients with type 2 diabetes. Eligible studies reported ≥12 weeks' follow-up and explicitly reported data on all cause mortality.
Literature search
We searched Medline, Embase, and the Cochrane Central Register of Controlled Trials (CENTRAL) to identify relevant studies from inception to 18 February 2017, without language restrictions. We used database specific subject headings (such as MeSH terms) and free texts terms to search for potentially eligible studies (appendix 1). We searched ClinicalTrials.gov to identify additional relevant clinical trials and confirmed mortality data from all eligible published trials. This trial registry documents all phase II-IV drug trials as required by section 801 of the US Food and Drug Administration Amendments Act (FDAAA 801) 23 and typically includes extensive lists of adverse events. 24 
Study selection
Paired reviewers, trained in research methods, independently and in duplicate screened titles/abstracts and full texts for eligible articles, assessed risk of bias, and extracted data from each eligible study using standardised pilot tested forms with detailed instructions. Reviewers dealt with discrepancies through discussion or, if necessary, arbitration by a third reviewer.
Risk of bias assessment
Two reviewers independently assessed risk of bias of randomised controlled trials using a modified Cochrane risk of bias instrument that includes response options of "definitely or probably yes" (assigned a low risk of bias) or "definitely or probably no" (assigned a high risk of bias), an approach we have previously validated. [25] [26] [27] The items included random sequence generation; allocation concealment; blinding of participants, caregivers, outcome assessors and outcome adjudicators; infrequent missing outcome data; selective outcome reporting; and other sources of bias (details available at www.evidencepartners.com/resources/methodologicalresources/).
Data extraction
For randomised controlled trials, we collected information regarding study characteristics (such as author name, year of publication, study design, sample size, length of follow-up), intervention characteristics (such as baseline treatment, type, dose, and duration of study treatment); patients' characteristics (such as age, sex, duration of type 2 diabetes, cardiovascular disease, body mass index (BMI), baseline HbA 1c , fasting plasma glucose); and mortality outcomes (that is, number of deaths and patients included for analyses in each treatment group). If a published trial did not report the number of deaths, while the corresponding registry report from ClinicalTrials.gov reported mortality, we used outcome data from the registry report. In an extension phase of a trial, if the initial treatment assignment was switched, we collected the outcome data before that point. For trials with multiple follow-up points, data, or reports, we collected outcome data at the longest follow-up. 28
Data analysis and rating quality of evidence
We conducted a meta-analysis of all included trials using the reported deaths from treatment and control groups. Given the low event rates in many trials, we used Peto's method as the primary analysis to pool effect estimates across studies. 29 We excluded studies in which no deaths occurred in either study arm.
We conducted sensitivity analyses to examine the impact of using alternative effect measures (odds ratio versus relative risk), pooling methods (Peto versus Mantel-Hanszel (M-H)), statistical models (fixed versus random effects), continuity correction of 0.5 for trials with no events when pooling with the M-H method (versus excluding such trials), 30 31 and analysis of trials with two or more events (that is, excluding trials with no events or only one event).
We generated a funnel plot and applied Egger's test to examine publication bias. We also conducted an additional test for publication bias by excluding trials with only one event.
We used the Cochran's χ 2 test and the I 2 statistic to examine statistical heterogeneity. Following recent guidance for a credible subgroup effect, 32 we planned six hypotheses to explain variability in effect estimates of all cause mortality between studies: risk of cardiovascular disease at baseline (with low versus high versus unclear risk; larger effect in patients with low risk of cardiovascular comorbidities at baseline); type of incretin drug (DPP-4 inhibitors versus GLP-1 agonists; larger effect in trials testing GLP-1 agonists); length of follow-up (52 weeks or shorter versus over 52 weeks; larger effect in trials with longer follow-up); type of control (placebo versus active treatment; larger effect in trials with placebo control); mode of treatment (monotherapy versus add on/combination; larger effect in trials with add on/combination treatment); and individual incretin drugs (different incretins). We conducted univariable random effects meta-regression for each of the six hypotheses, when there were at least 10 trials available for analysis. We also conducted a post hoc multiple regression analysis adjusting for risk of cardiovascular disease at baseline, type of incretin drug, length of follow-up, type of control, and mode of treatment. To explore consistency of an apparent subgroup effect, we additionally conducted two univariable exploratory subgroup analyses by type of incretin drug, one on all cause mortality and another on cardiovascular events, using data from the six large cardiovascular outcome trials that compared either GLP-1 agonists or DPP-4 inhibitors versus placebo.
We used the GRADE approach to rate the quality of evidence and generate absolute estimates of effect for the outcomes. 33 To calculate the absolute increase in risk for mortality, we estimated the baseline risk for death from a large cohort study 16 that enrolled patients without previous myocardial infarction or stroke.
Patient involvement
No patients were involved in setting the research question or the outcome measures, nor were they involved in developing plans for design or implementation of the study. No patients were asked to advise on interpretation or writing up of results. There are no plans to disseminate the results of the research to study participants or the relevant patient community.
Results
Of 19 250 unique reports, reviewers judged 1187 as potentially eligible at title and abstract screening; of these, 189 randomised controlled trials involving 155 145 participants proved eligible ( fig 1⇓) .
Study characteristics
All 189 randomised controlled trials were funded by industry. Among those, 126 enrolled patients with type 2 diabetes at low risk of cardiovascular disease at baseline (specifically excluding patients with certain cardiovascular diseases), and 55 enrolled patients with unclear risk of cardiovascular disease at baseline (without mention of excluding patients with cardiovascular disease). The eight others enrolled patients at high risk of, or with established, cardiovascular disease at baseline, including six large cardiovascular outcomes trials (tables A and B in appendix 2).
The six large cardiovascular outcome trials (TECOS, 14 LEADER, 34 SUSTAIN-6, 35 ELIXA, 36 SAVOR-TIMI 53, 12 and EXAMINE 15 trial) enrolled 3297 to 16 492 patients at high risk of, or with established, cardiovascular disease at baseline, followed patients for a median of 1.5 to 3.8 years, and evaluated one of six incretin agents (sitagliptin, liraglutide, semaglutide, lixisenatide, saxagliptin, or alogliptin) versus placebo. The trials enrolled similar patients: mean age range 60.3-65.0, mean BMI 29.5-32.8, mean baseline HbA 1c 7.2-8.7%, mean fasting plasma glucose 8.2-8.7 mmol/L, and a mean or median duration of diabetes of 7.2-13.9 years (table A in appendix 2).
Of the 183 other trials, 153 (83.6%) were clearly labelled as phase III studies. The length of follow-up was 12-234 weeks (median 24 weeks; interquartile range 24-52 weeks); the mean age of participants range was 49.7-74.9; mean or median BMI 21.7-37.1; mean baseline HbA 1c 6.6%-10.2%; mean fasting plasma glucose 6.2-12.2 mmol/L; and mean or median duration of diabetes 1.0-15.9 years (table A in appendix 2); 119 tested DPP-4 inhibitors, 68 GLP-1 agonists, and four tested both agents; 130 tested incretin drug versus placebo, 69 versus active comparator, 16 versus both placebo and active comparator; 71 used incretin drugs as monotherapy, 121 as add on/combination treatment, and nine administered both treatment options (table C in appendix 2).
Risk of bias assessment
Among the six large cardiovascular outcome trials, all adequately generated their randomisation sequence, concealed allocation, blinded patients and caregivers, and were free from reporting bias. Five (83.3%) trials had infrequent missing outcome data. The baseline characteristics were generally similar between treatment groups across all the trials (table D in appendix 2).
Of the 183 other randomised controlled trials, 177 (96.7%) adequately generated their randomisation sequence, 170 (92.9%) concealed allocation, and 155 (84.7%) blinded patients and caregivers. The baseline characteristics were generally similar between treatment groups in each trial. Only 47 (25.7%), however, were free from frequent missing outcome data (table D in appendix 2).
Effects on all cause mortality
Of the 189 trials, 77 (40.7%) reported that no deaths occurred during the course of study. The 112 other trials (59.3%) reported 3888 deaths among 151 614 patients, of which 3592 (92.4%) were reported from the six large cardiovascular outcome trials.
Our meta-analysis including the 112 trials that reported at least one death showed no difference in mortality between incretin drug versus control (1925/84 136 v 1963/67 478; odds ratio 0.96, 95% confidence interval 0.90 to 1.02, I 2 =0%; risk difference 3 fewer events (95% confidence interval 7 fewer to 1 more) per 1000 patients over five years; moderate quality evidence, rated down because of inconsistency between GLP-1 agonists and DPP-4 inhibitors) ( fig 2⇓ and fig 5⇓) .
Multiple meta-regression, adjusted for length of follow-up, risk of cardiovascular disease at baseline, type of control, and mode of treatment, suggested that GLP-1 agonists, but not DPP-4 inhibitors, are associated with lower all cause mortality (P=0.01 for interaction).
Discussion

Findings and interpretations
Our systematic review and meta-analysis provides no support for the hypothesis that incretin based treatment is associated with increased mortality in patients with type 2 diabetes. This finding should reassure patients and clinicians and refutes the concern raised by the SAVOR-TIMI trial suggesting increased mortality.
In our univariable meta-regression, we found no differential effects among the six prespecified hypotheses; however, multiple meta-regression suggested that GLP-1 agonists, but not DPP-4 inhibitors, could be associated with lower mortality. When checked against 11 criteria 32 for assessing the credibility of an apparent subgroup effect, the following supports the hypothesis.
The subgroup analysis was one of the small number of prespecified hypotheses tested; the characteristics were measured at baseline; the test for interaction, based on multiple meta-regression, was significant and the additional exploratory subgroup analysis of a subset of the six large cardiovascular outcome trials showed a similar trend; the subgroup findings seemed to be consistent across related outcomes (such as cardiovascular events, fig 5⇓) ; and, in terms of biological rationale, animal studies and randomised controlled trials in humans have shown that GLP-1 agonists are associated with a larger sustainable reduction of HbA 1c , 37 weight loss, and systolic blood pressure control than DPP-4 inhibitors. 38 39 On the other hand, the subgroup analysis is based on a comparison between trials; it is not robust across statistical analyses (the effect did not appear in the univariable analysis but only in the meta-regression, and the meta-regression is at high risk of over-fitting-six trials account for 92.5% of the weight), and was not prespecified; the apparent reduction in mortality with GLP-1 is both small and of borderline significance. We thus conclude that the subgroup hypothesis has low credibility.
Strengths and limitations
Strengths of our review include a systematic and rigorous approach to the identification of randomised controlled trials investigating the impact of incretin based treatment on mortality. We conducted a limited number of preplanned subgroup analyses to explore for differences in risk of mortality. We used the GRADE approach to assess the quality of evidence that showed convincing evidence that incretin drugs do not increase mortality (table 1⇓) .
Our study also has limitations. Firstly, studies might selectively report data regarding death in their full publications, which could lead to risk of selection bias; we attempted to mitigate this risk by reviewing records on ClinicalTrials.gov for unreported deaths and included outcome data from 23 trial registry reports. Secondly, we were unable to assess the long term effects of these drugs: among the 189 trials, only 40 had long term follow-up over 52 weeks, and the longest follow-up in the large trials was 3.8 years. Our subgroup analysis suggesting a possible reduction in mortality with GLP-1 agonists but not with DPP4 inhibitors has limited credibility. We identified 11 trials reporting head-to-head comparison, 40-50 but with limited information-15 events from 6736 participants-and thus estimates were uninformative.
Comparison with other studies
Three previous meta-analyses [51] [52] [53] have reported the effect of GLP-1 agonists, versus placebo or active treatments, on all cause mortality among patients with type 2 diabetes. One, including 33 trials with more than 12 weeks' follow-up, nine of which reported at least one death, showed that GLP-1 receptor agonists did not seem to be associated with increased mortality (odds ratio 0.67, 95% confidence interval 0.26 to 1.78) 51 ; another one, including 33 trials with more than 24 weeks' follow-up, 14 of which reported at least one death, found similar results (0.89, 0.46 to 1.70). 52 The other recently published meta-analysis, including five trials with the outcome of mortality, found no effect of GLP-1 agonists on mortality (relative risk 0.90, 95% confidence interval 0.70 to 1.15). 53 In comparison, our results, primarily based on large cardiovascular outcome trials, suggest that GLP-1 agonists could be associated with lower mortality in patients at high risk of, or with, established cardiovascular disease.
Four previous meta-analyses have reported the effect of DPP-4 inhibitors, versus placebo or active treatments, on all cause mortality among patients with type 2 diabetes. [54] [55] [56] [57] Monami and colleagues, who included 41 trials with more than 12 weeks' follow-up, 18 of which reported at least one death, suggested that DPP-4 inhibitors did not increase mortality (odds ratio 0.78, 95% confidence interval 0.40 to 1.51). 54 Savarese and colleagues found no effect of DPP-4 inhibitors on mortality regardless of length of follow-up (relative risk 1.06, 95% confidence interval 0.56 to 2.01, for follow-up <29 weeks; 1.01, 0.91 to 1.13, for follow-up ≥29 weeks). 55 Wu and colleagues, who included 43 randomised controlled trials with 50 982 patients and 1228 deaths, found similar results (1.01, 0.91 to 1.13). 56 The final study, also by Savarese and colleagues, included 66 trials with sample size more than 200 patients and report of at least one death, and again found no effect on mortality (odds ratio 1.01, 95% confidence interval 0.93 to 1.09). 57 Our study, including 122 smaller trials and three larger trials, showed, with much narrower confidence intervals, that DPP-4 inhibitors had minimal or no impact on mortality.
Compared with these studies, we included a large number of additional studies (38 additional randomised controlled trials of GLP-1 agonists and 56 of DPP-4 inhibitors) and conducted more thorough analyses. The addition of large cardiovascular outcome trials provided more reliable estimates of effects on mortality, and subgroup analysis raised the possibility of differential effects of the two classes of incretin drugs-though the subgroup hypothesis has low credibility. 32
Conclusions
Our results provide no support for the hypothesis that incretin based treatment are associated with increased all cause mortality in patients with type 2 diabetes. Additional large well designed randomised trials with adequate follow-up will be necessary to definitively establish or refute possible differences in the effect of GLP-1 agonists and DPP-4 inhibitors on all cause mortality.
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